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ECTOPIC adrenocorticotropic hormone (ACTH) secretion is the cause of 10%-18% of cases of Cushing's syndrome [1] [2] [3] [4] . The most common malignancy to produce ectopic ACTH syndrome (EAS) as a paraneoplastic syndrome is small cell lung cancer, which accounts for as much as 50% of the causal tumors of EAS [1, 5, 6] . Carcinoids and pancreatic neuroendocrine tumors are also known to be common causes of EAS; less frequently, breast cancer [7] , colon cancer [8, 9] and prostate cancer [10] are reported to be causative.
EAS caused by an olfactory neuroblastoma is extremely rare: there have been only five such cases reported [11] [12] [13] [14] [15] . Olfactory neuroblastoma is a rare malignant tumor, which is slowly growing and diagnosed at advanced stages in most cases [16, 17] . We report here one definite case and one possible case of ACTH-dependent Cushing's syndrome associated with olfactory neuroblastoma.
Case 1
A 66-year-old Korean woman presented with systemic edema and general fatigue. The patient had been diagnosed as an olfactory neuroblastoma two years before, but she had refused curative operation and haven a foreign body-sensation in the right nasal cavity and rhinorrhea since that time. The patient had Cushingoid appearance at the presentation: moon face, central obesity, thin skin with purpura and hirsutism. Her blood pressure was 160/90 mmHg. A laboratory examination revealed hypokalemia (2.6 mmol/L) with metabolic alkalosis (pH 7.529, HCO 3 -41.8 mEq/L). Hyperglycemia was detected for the first time in her life: fasting plasma glucose was 237 mg/dL and the hemoglobin A1c level was 7.9%.
Head and neck magnetic resonance imaging (MRI) scans showed that the tumor had slightly increased in size in the right nasal cavity, the right ethmoid sinus, the right sphenoid sinus and the right frontal skull base over the two years; however, there was no pituitary lesion (Fig. 1) .
The patient's plasma ACTH concentration was 862 pg/mL and the cortisol concentration was 65.3 µg/ dL, which were measured by immunoradiometric assay (Cis Bio International, Gif/Yvette, France). The cortisol level was not suppressed by a low-dose dexamethasone suppression test (LDDST; 2 mg dexamethasone per day for 48 h): plasma cortisol level was 57.6 µg/dL and 24 h urine cortisol level was 5045.2 µg/dL after the LDDST. The patient's cortisol level was not suppressed neither by a high-dose dexamethasone suppression test (HDDST; 8 mg dexamethasone per day for 48 h): plasma cortisol level was 52.0 µg/dL and 24 h urine cortisol level was 4399.5 µg/dL after HDDST. A corticotropin-releasing hormone (CRH) stimulation test using 100 µg ovine CRH was performed and plasma ACTH and cortisol levels did not rise over 2 h (42% decrease in ACTH level and 4.7% increase in cortisol level), which suggested that her Cushing's syndrome was more likely to arise from EAS than from Cushing's disease. Chest computer tomography (CT) and abdominal CT were performed to find out the causative tumor, however, there was no abnormality except for focal atelectasis of the right upper lobe and left lower lobe of the lung without any changes for two years and the hyperplasia of both adrenal glands without any focal mass (figures not shown).
Using whole-body 18 fluoro-2-deoxy-glucose positron emission tomography ([ 18 F]-FDG PET) scanning, hypermetabolic lesions were observed involving the right nasal cavity, the right ethmoid sinus, the right sphenoid sinus, the right frontal skull base (standardized uptake value, SUV, 1.4-2.0), both adrenal glands (SUV right 3.5, left 3.2), and the right upper lobe of the lung (SUV 1.9). However, these data provided no further information to rule out the possibility of a pulmonary lesion as the source of the ACTH. Dual-energy X-ray absorptiometry (DXA) bone densitometry revealed osteoporosis: a T-score of -3.3 at L1-L4 spine.
Adrenolytic therapy (ketoconazole 600-1200 mg/ day) was commenced three weeks before the planned operation and the patient's plasma cortisol level decreased from 62.3 µg/dL to 27.6 µg/dL. Hyperglycemia was controlled with insulin and hypokalemia was corrected with oral potassium replacement. Antihypertensive treatment and calcium and vitamin D replacement for osteoporosis were started. After the patient reached medical stabilization, ketoconazole was discontinued just before surgery. Craniotomy, tumor removal and skull base reconstruction were performed. The nasal cavity mass measured about 3 × 1.6 × 0.9 Tumor involved the right nasal cavity, the right ethmoid sinus, the right sphenoid sinus and the right frontal skull base. There was no pituitary lesion.
cm. Microscopically, the mass was a cellular tumor composed of uniform small cells with round nuclei, scanty cytoplasm, indistinct nuclear membrane and a richly vascular stroma ( Fig. 2A) . The diagnosis of olfactory neuroblastoma was supported by immunohistochemical staining for neural markers, including CD56, synaptophysin, chromogranin and S-100. The immunohistochemical study for ACTH was performed by using a monoclonal mouse anti-ACTH antibody (Dako, Glostrup, Denmark) (Fig. 2B) . Postoperatively, the patient's plasma ACTH and cortisol levels decreased from 862 pg/mL to 40 pg/mL and from 62.3 µg/dL to 18.9 µg/dL, respectively. The Cushingoid appearance disappeared gradually. Adjuvant radiotherapy was performed for eight weeks. The patient is being followed-up for 12 months at an outpatient department without any recurrence of Cushing's syndrome and the plasma ACTH concentration and 24 h urine cortisol value remain within normal range.
Case 2
A 37-year-old Korean woman who had a foreign body sensation in the nasal cavity and rhinorrhea was diagnosed as an olfactory neuroblastoma. She had Cushingoid appearance at the presentation: moon face, central obesity, proximal muscle weakness and hirsutism. Her blood pressure was 150/85 mmHg. As she had Cushingoid features, she was screened to rule out Cushing's syndrome. The laboratory findings revealed that she had high levels of serum ACTH (1362 pg/mL), cortisol (48.4 µg/dL), and 24 h urine cortisol (292 µg/ dL), which were measured by immunoradiometric assay (Cis Bio International, Gif/Yvette, France). These were not suppressed by LDDST or HDDST: plasma cortisol level was 50.9 µg/dL and 24 h urine cortisol level was 9142 µg/dL after HDDST. To confirm whether her ACTH-dependent Cushing's syndrome was caused by EAS, a small biopsy from her main mass was immunostained for ACTH by using a monoclonal mouse anti-ACTH antibody (Dako, Glostrup, Denmark). However, the result was negative.
For her olfactory neuroblastoma, she was planned to treat with neoadjuvant chemotherapy followed by curative surgery. The patient received two-cycled neoadjuvant chemotherapy: etoposide (100 mg/m 2 ), ifosphamide (1500 mg/m 2 ) and cisplatin (80 mg/m 2 ). After the second round of chemotherapy, the patient experienced respiratory failure caused by cytomegalovirus-associated pneumonia. This was treated with antibiotics, and ketoconazole (800-1200 mg/day) with octreotide (300 µg/day s.c.) was used to suppress the hypercortisolemia ( Table 1 ). The patient's arterial oxygen saturation improved and radiotherapy was started on the nasal cavity mass. On the 25 th day in hospital, respiratory failure developed again and the patient's urinary cortisol output was 49.2 µg/day. Pneumocystis jiroveci was identified in the sputum by immunofluorescence staining and she was treated with trimethoprim-sulfamethoxazole and hydrocortisone. This allowed a resumption of radiotherapy. Immediately after radiotherapy (total dose 5,400 cGy) there was no change in the size of the mass on MRI scans of the paranasal sinus (Fig. 3A) . However, four months after radiotherapy, [ 18 F]-FDG PET for the whole body showed no hypermetabolic lesion. The patient refused surgery for the olfactory neuroblastoma following radiotherapy and has taken regular check-ups for two years from that time. A paranasal sinus MRI scan taken two years after radiotherapy revealed that the size of the mass has decreased (Fig. 3B) . The plasma ACTH concentration and 24 h urine cortisol output remained within normal ranges without any medication (plasma ACTH 32 pg/mL and 24 h urine cortisol 27 µg/day).
Discussion
The first patient had EAS associated with an untreated olfactory neuroblastoma, which was diagnosed preoperatively from the plasma ACTH concentration, HDDST and CRH stimulation tests. Positive immunohistochemical staining for ACTH with the resected tumor mass confirmed the secretion of ACTH from the olfactory neuroblastoma. However, a biopsy from the second patient, diagnosed as ACTH-dependent Cushing's syndrome, failed to show positive staining for ACTH in the olfactory neuroblastoma. CRH stimulation test or inferior petrosal sinus sampling (IPSS) to differentiate between EAS and Cushing's disease was not performed in that case. However, resolution of Cushing's syndrome after radiotherapy on the mass in the nasal cavity and normalization of her plasma ACTH concentration and 24 h urine cortisol without any adrenolytic therapy such as ketoconazole or octreotide suggest that her Cushing's syndrome was caused by the olfactory neuroblastoma. That the mass was negative for ACTH despite the clinical features of A. The size of the tumor did not change immediately after completion of radiotherapy. B. This image, taken two years later, shows that the mass in the nasal cavity had decreased in size and the maxillary sinus was filled with soft tissue caused by sinusitis. [20] . Furthermore, neither ACTH nor CRH could be found in one case with ectopic Cushing's syndrome [20] . Second, if the mass were secreting propiomelanocortin (POMC) or other prohormones, clinical features associated with EAS could be present. POMC produced by neoplasms other than pituitary tumors is reported to be processed to smaller-sized ACTH precursors than normal ACTH, which can cause the clinical feature of EAS despite their lower biological activity [21] . Interestingly, one report of an adrenal neuroblastoma producing increased levels of POMC did not show any increased ACTH level [22] . In addition, by Raux Demay et al., an ACTH-producing thymic carcinoid tumor was found to be responsible for the Cushing's syndrome [23] . In this case, human CRH, POMC-mRNA and POMC-related peptides were identified in the tumor extract.
In current study, plasma concentration of ACTH and cortisol were measured by immunoradiometric assay (Cis Bio International, Gif/Yvette, France). This ACTH assay kit is specific for detecting intact ACTH (1-39) and does not detect POMC and pro ACTH. The immunohistochemical study of the specimen was done by using a monoclonal mouse anti-ACTH antibody (Dako, Glostrup, Denmark). This is known not to crossreact with POMC and pro ACTH.
In reviewing the literature for EAS with olfactory neuroblastomas, there have been four possible cases published [12] [13] [14] [15] . However, considering ACTH was not detected in the tumor mass, it seems that the oldest case published in 1987 was not the case [13] . Thus, there have been only three cases of adults with pathologically proven ectopic ACTH-producing olfactory neuroblastomas to our knowledge [12, 14, 15] .
The most important clinical problems in treating patients with ACTH-dependent Cushing's syndrome might be to differentiate between an occult nonpituitary source of ACTH secretion and an ACTH-producing microadenoma [24] . The most accurate method of distinguishing between pituitary and ectopic ACTH secretion is known to be IPSS [25] . However, it is invasive and sometimes leads to confusion. Furthermore, some cases have been reported in which patients with an olfactory neuroblastoma producing the EAS were misdiagnosed as having Cushing's syndrome. This is because a tumor in the ethmoid sinus is located adjacent to the upstream pituitary venous drainage system, which might cause a false positive result [15, 26] . Since 1981, the CRH stimulation test has been used extensively in this differential diagnosis. Between 7% and 14% of patients with Cushing's disease fail to respond to CRH, and by contrast, only 4% of patients with EAS respond to CRH [3] . When comparing the CRH test with the HDDST, the former gives more accurate results when using stringent response criteria (70% vs. 48%) [27] . In a similar study [3] , the use of both tests did not improve the diagnostic accuracy. Considering the negative result of immunohistochemical staining for ACTH, the CRH test might have provided more information to differentiate the cause of the ACTH-dependent Cushing's syndrome in our second patient. However, among the reported cases of EAS associated with olfactory neuroblastomas, only two reported the results of CRH stimulation tests and the Japanese case of them, diagnosed as ACTH-producing olfactory neuroblastoma proven by pathology, showed increased ACTH level after CRH stimulation, which might have misled to diagnose as Cushing's disease [15] . Furthermore, in that case, the IPSS showed a high central-to-peripheral ratio of ACTH (2.8).
As hypercortisolemia is known to cause an impairment of cell-mediated immunity regardless of the source: intrinsic or extrinsic [28] , presence of an EAS increases the susceptibility to infections, which might increase the rates of morbidity and mortality. According to a study performed in patients with small cell lung cancer -the most common cancer causing EASpatients with EAS showed significantly higher infection-related mortality rates during chemotherapy than those without EAS [29] . Previously reported patients with EAS associated with olfactory neuroblastomas, including our two reported here, showed increased susceptibility to infections by unusual organisms that rarely cause infection among immunocompetent hosts. Considering that tumors causing EAS can be cured only rarely [5, 30] , therapy to suppress hypercortisolemia must be initiated, apart from treating the causal malignancy.
In these two patients, the olfactory neuroblastomas invaded the sinus cavities and the skull base, but did not have lymph node or other distant metastases, which made both cases Kadish's stage B [16] . Considering the treatment status including operation and radiotherapy in our two patients, the five-year survival expectancy would be 70%-90% and 60%-80%, respectively [17] . When the tumor recurs, the accompanying paraneoplastic syndrome also becomes worse in many cases [31] . Therefore, considering the patients' likelysurvival period, tracing the levels of plasma ACTH and cortisol should be useful in judging the progress of the tumor.
In our second case, her clinical status was very severe and urgent suppression of hypercortisolemia was requested. So we decided to start octreotide with ketoconazole together. In ectopic ACTH syndrome, octreotide or somatostatin has been found to inhibit pathological ACTH secretion in some cases [32] [33] [34] [35] [36] . However, it should be considered that the clinical application of octreotide in EAS is unwarranted without the presence of SSTR2 or 5 in tumor tissue.
In conclusion, we report that one definite case and one possible case of olfactory neuroblastoma with ectopic ACTH syndrome. We suggest that olfactory neuroblastomas can cause ectopic ACTH syndrome. As the cure rate of tumors causing ectopic ACTH syndrome is low, it is recommended to suppress hypercortisolemia initially.
